selected case series; 5, 6 however, a prospective study has recently been published. 7 The most common clinical presentation of ARVC/D is ventricular arrhythmia, arising predominantly from the RV. These arrhythmias range from isolated premature ventricular beats to sustained ventricular tachycardia (VT) or ventricular fibrillation that may lead to sudden death. The most common presenting symptoms of the disease are palpitations, chest discomfort, near syncope, or syncope.
A genetic background has been demonstrated in 30%-50% of ARVC/D cases. 8 The disease is typically inherited as an autosomal dominant trait with variable penetration and incomplete expression. Most of the genes identified code desmosome family proteins, which are involved with cell-to-cell adhesion. These mutations involve predominantly plakophilin desmosomes.
9,10 Recently, plakoglobin has been identified as the first gene responsible for the autosomal recessive variant of the disease, the so-called "Naxos disease." 11, 12 The diagnosis of ARVC/D is often difficult because there is no single investigation that can be used to establish or exclude the diagnosis. However, the results of a history, physical examination, and a number of specific cardiac tests, including electrocardiogram (ECG), echocardiogram, cardiac magnetic resonance imaging (CMRI), and RV, can be used to establish the diagnosis.
The original International Task Force Criteria for the clinical diagnosis of ARVC/D were published in 1994 and were based on structural, histological, ECG, arrhythmic, and familial features of the disease. 13 Abnormalities are subdivided into major and minor categories according to the specificity of their association with ARVC/D. The diagnosis of ARVC/D is fulfilled by the presence of 2 major criteria or 1 major and 2 minor criteria, or 4 minor criteria from different groups.
The Task Force Criteria were based on studying symptomatic index cases and sudden cardiac death victims. These cases represent the overt or severe end of the disease spectrum. Consequently, the 1994 criteria were highly specific, but they lacked sensitivity for early and familial disease.
14 The 2010 updated Task Force Guidelines incorporated advances in our understanding, particularly in the genetics of ARVC/D and the technology, to improve diagnostic sensitivity with maintaining diagnostic specificity. They include quantitative, structural, electrocardiographic, and histological parameters to aid diagnosis ( Table 1) . 15 To our knowledge, there has been no study examining the clinical characteristics in ARVC/D patients in Saudi Arabia, apart from a single case report. 16 Therefore, the purpose of this study was to present the clinical characteristics and long-term follow-up of ARVC/D patients at the Heart Centre, King Faisal Specialist Hospital and Research Centre (KFSH&RC) a tertiary care center in Riyadh, Saudi Arabia.
The main aim of this study was to evaluate the clinical characteristics of adult patients with ARVC/D treated at our Heart Centre (Appendix 1).
PATIENTS AND METHODS
This study was a retrospective analysis of the medical charts and electronic medical records of adult patients (age: >18 years) with a possible, borderline, or definite diagnosis of ARVC/D, based on the revised ARVC/D Task Force diagnostic criteria, 15 who were on regular follow-up at our Heart Centre from January 2007 to May 2010. This study was approved by the KFSH&RC Research Ethics Committee.
Diagnosis of ARVC/D
The diagnosis of ARVC/D was based on the criteria outlined in the revised Task Force Criteria. These were:
* definite ARVC/D with 2 major or 1 major and 2 minor criteria or 4 minor criteria from different categories; * borderline ARVC/D with 1 major and 1 minor or 3 minor criteria from different categories; and * possible ARVC/D with 1 major or 2 minor criteria from different categories. The following data were recorded: * detailed description of the presenting complaints, including dizziness, palpitations, presyncope, syncope, chest pain, limitation of exercise tolerance, and a family history; * ECG at presentation and follow-up, and any detected repolarization and depolarization abnormalities; * a full transthoracic echocardiography, as outlined in the revised ARVC/D Task Force Criteria, 16 which we used to look for right ventricular segmental or regional dilatation, aneurysms, or morphological abnormalities; * exercise test and 24-hour Holter monitoring in selected cases; * CMRI to assess RV and left ventricular (LV) function, segmental/regional dilatation, and end diastolic volumes in 11 cases; and * invasive diagnostic investigations, such as coronary angiography, endomyocardial biopsy, and electrophysiology studies, were performed depending on clinical indications. Notes: Diagnostic terminology: definite diagnosis: 2 major or 1 major and 2 minor criteria or 4 minor from different categories; borderline: 1 major and 1 minor or 3 minor criteria from different categories; possible: 1 major or 2 minor criteria from different categories. *A pathogenic mutation is a DNA alteration associated with ARVC/D that alters or is expected to alter the encoded protein, is unobserved or rare in a large non-ARVC/D control population, and either alters or is predicted to alter the structure or function of the protein or has demonstrated linkage to the disease phenotype in a conclusive pedigree; eg, in TMEM43, DSP, PKP2, DSG2, DSC2, and JUP. Adapted from www.ARVD.com. 
RESULTS
This study is a presentation of 22 clinical cases with definite, borderline, or possible ARVC/D diagnosed on the basis of the revised ARVC/D Task Force Criteria. 15 The majority of patients were male (18; 82%). Utilizing the revised Task Force Criteria, 15 18 patients (82%) had definite ARVC/D, 2 patients (9%) had borderline ARVC/D, and 2 patients (9%) had possible ARVC/D. The patients' ages ranged from 18-62 years, with a mean age of 38.6 years. The age at diagnosis ranged from 17-52 years, with a mean age of 33.3 years. The follow-up period ranged from 29-132 months, with a mean follow-up period of 84 months.
Eighteen patients experienced palpitations of variable duration prior to presentation. Sustained VT was a common presenting symptom; 10 patients presented with documented sustained VT, and 3 of these patients had cardiac arrest requiring cardiopulmonary resuscitation and direct current shocks at their first presentation. The other presenting symptoms included shortness of breath in 8 patients, syncope and presyncope in 7 patients, chest pain in 4 patients, and dizziness in 3 patients.
A family history of ARVC/D was present in 1 family, with 4 members affected. Seven patients had a history of sudden death in at least 1 first-degree relative under the age of 35 years. The clinical characteristics of the patients are summarized in Table 2 .
ECG Abnormalities
Electrocardiographic abnormalities presented in 16/22 patients (72.7%) (Figure 1) . Repolarization abnormalities were present in 15 patients; depolarization abnormalities (epsilon wave) were seen in 5 patients (22.7%), and wide QRS complex in V1-V3 (>110 ms) in 2 patients. Twenty-four-hour Holter monitoring demonstrated frequent premature ventricular contractions and nonsustained VT in 6 patients. Signal-averaged ECG was not performed in our patients (Table 3) .
Echocardiogram
Echocardiography was performed in all patients. Typical ARVC/D changes meeting major diagnostic criteria were seen in 16 patients (76%) (Figure 2) . Milder echocardiographic changes meeting minor diagnostic criteria were seen in 2 patients (10%).
Cardiac MRI CMRI was performed in 11 patients, and showed changes compatible with major diagnostic criteria in 7 patients (64%) and changes compatible with minor criteria in 3 patients (27%) (Figure 3) .
Invasive Diagnostic Workup
Right ventriculography was performed in only 1 patient and showed reduced RV function with RV dilatation. Also, RV endomyocardial biopsy was performed from the interventricular septum in 1 patient; it was reported as normal (Table 4) . Electrophysiology studies were performed in 6 patients. All had inducible VT from RV origin, and ablation of VT was performed in 3 patients. Cardiac catheterization was performed in 3 patients, and all had normal coronaries.
Genetic Testing
Genetic testing was performed in 13 patients; 7 were positive, with 5 mutations in the PKP2 gene (common in ARVC/D patients),1 mutation in the DSP gene, and 1 mutation in the DSC2 gene.
Medical Management
Patients with a significant reduction in RV or LV systolic function were treated with beta-blockers and angiotensin-converting enzyme inhibitors. Eighteen patients (81.8%) were on antiarrhythmic medications, with sotalol (9 patients) and amiodarone (4 patients) being the most commonly used antiarrhythmic medications.
Radiofrequency Catheter Ablation
In our study, 6 patients underwent an electrophysiology study (EPS); 2 were diagnosed at other cardiac centers withidiopathic RV outflow tract VT and had undergone attempts to ablate VT. Once the diagnosis of ARVC/D was established, they underwent ICD implantation. Two patients had EPS in another institution; we do not have the details of this study. One patient had EPS and ablation for recurrent ICD shocks, and 1 patient had EPS to assess for VT inducibility, which was negative.
ICD Therapy
ICDs were implanted in 17 patients, and 5 patients refused ICD implantation. Eight patients had appropriate ICD shocks and 5 patients had inappropriate ICD 
shocks during follow-up. Six patients had electrical storm with multiple ICD discharges, which improved with the correction of electrolyte abnormalities and initiating or changing antiarrhythmic medications.
DISCUSSION
All of our patients were diagnosed on the basis of noninvasive diagnostic tests without a need for invasive testing, such as endomyocardial biopsy. Most of our patients were males (18/22; 82%), which is consistent with previous studies that showed a higher prevalence of ARVC/D in men. 18, 19 However, the male-to-female ratio was 4.5:1, which is higher than the previously reported ratio of 1.6 to 2.7:1. It is possible that we have fewer female patients due to referral bias and less acceptance of ICD in our female patients.
We included only adult patients, and the age of presentation in our patients was 17-52 years (mean: 33.3 years). The incidence of ARVC/D is highest between 5 and 40 years. 20 Most of our patients presented with palpitations; VT was also a common presenting event. Previous studies have shown that individuals with ARVC/D present with palpitations (67%), syncope (32%), atypical chest pain (27%), or RV failure (6%) are asymptomatic (6%). 21 Four of our patients were initially diagnosed with idiopathic VT, but follow-up ECGs and cardiac imaging showed changes consistent with ARVC/D. Those patients likely had electrical manifestations of the disease before having obvious structural changes. Two of these patients were diagnosed with idiopathic VT of RV outflow tract origin and underwent multiple EPS and ablations in other institutions with no success. The diagnostic workup of these 2 patients showed that they had a definite diagnosis of ARVC/D.
ECG is an important diagnostic tool in ARVC/D. ECG abnormalities are present in up to 90% of ARVC/D patients. 21, 22 The most common abnormality consists of T-wave inversion, often associated with a slight ST-segment elevation <0.1 mV in precordial leads V1 to V3 exploring the RV. These repolarization changes were noted in 15 of our patients (68%). Relatively, the most ARVC/D-specific ECG diagnostic marker is the presence of epsilon waves (postexcitation potentials of small amplitude that occur at the end of QRS complex) found in up to 30% of cases of ARVC/D and localized prolongation of the QRS complex in V1 to V3 to more than 110 ms (found in up to 60% of cases of ARVC/D). 19, [21] [22] [23] The epsilon waves were observed in 5 of the cases analyzed (22.7%), but QRS complex duration of 110 ms or more in V1 to V3 was present in 2 cases only. Another very helpful and useful method of diagnosing ARVC/D is echocardiography. This technique, which is noninvasive, widely available, low in cost, and easy to perform and interpret, has played a crucial role in imaging structural and functional abnormalities of the RV. Right ventricular function should be measured at several points, including the inflow and outflow tracts because of the focal nature of the disease. [24] [25] [26] The echocardiographic findings most suggestive of ARVC/D include dilatation of the RV with localized aneurysms and dyskinesis in the inferior basal region. [24] [25] [26] Right ventricular end diastolic and end systolic diameters are very useful echocardiographic parameters in establishing the diagnosis of ARVC/D, as well as the ratio of the RV to LV end diastolic diameters (a ratio >0.5 for the RV/LV end diastolic diameter have a sensitivity of 86% and a specificity of 93% for the diagnosis of ARVC/D). [24] [25] [26] There are numerous reports of the use of echocardiography to aid in the diagnosis of ARVC/D. These studies have found that the presence of right ventricular dysfunction by 2-dimensional echocardiography has a high specificity and predictive value for ARVC/D. [24] [25] [26] The development of new echocardio- graphic techniques such as 3-dimensional harmonic imaging and tissue Doppler may help in minimizing the number of false-negative echocardiographic results. In our study, echocardiographic abnormalities fulfilling major diagnostic criteria were seen in 16 patients and minor diagnostic criteria in 2 patients. LV involvement with a left ventricular ejection fraction less than 40% was noted in 3 patients.
CMRI has recently been added to the techniques used to diagnose ARVC/D. CMRI has the advantage of assessing the RV (and LV) function, size, global or regional wall motion abnormalities, and quantification of myocardial wall thinning and hypertrophy.
Quantitative analysis showed that RV end diastolic diameter and outflow tract area were significantly higher and RV ejection fractions lower in ARVC/D patients when compared to controls. [27] [28] [29] Although CMRI is a potentially useful test because it can distinguish fat from muscle, the sensitivity and specificity of CMRI detection of RV intramyocardial fat in the diagnosis of ARVC/D is variable, ranging from 22% to 100%. [27] [28] [29] [30] [31] [32] Identifying fat can be challenging because of the thin RV wall; therefore, it is difficult to distinguish pathologic adipose infiltration from adjacent epicardial fat.
Our patients presented in the late 1990s and early 2000s with documented VT, or following resuscitation after cardiac arrest, they underwent cardiac evaluation with echocardiography and ICD implantation for the secondary prevention of sudden cardiac death; therefore, CMRI was not performed. Thirteen patients had CMRI; 60% of them (7 patients) had CMRI changes compatible with major diagnostic criteria, and 27% (3 patients) had changes compatible with minor criteria.
Various drugs have been investigated to suppress the possible life-threatening arrhythmias of ARVC/D, including beta-blockers, sotalol, and amiodarone. 33, 34 Sotalol may be the most efficacious drug, with an overall efficiency rate of 68% and 83% in treating both inducible and noninducible VT, respectively, in ARVC/D. However, due to the progressive nature of the disease, arrhythmias may recur despite the initial success of drug therapy. Evidence from a small number of patients suggests that amiodarone has superior efficacy in preventing VT. 34 Radiofrequency catheter ablation (RFA) has been used in managing patients with ARVC/D and recurrent VT. [35] [36] [37] [38] [39] The reported success of ablation in ARVC/D varies, with acute success ranging from 41% to 88% and chronic success (>12 months follow-up) ranging from 7% to 88% free of any VT, with the assumption that recurrence was due to progression of the disease. Radiofrequency ablation therapy cannot be recommended as an alternative to ICD implantation at the current time. Radiofrequency ablation should be tried in patients with frequent VT or ICD shocks despite optimal antiarrhythmic therapy (Class IIa recommendation). In a study with 24 patients (age: 36±9 years; 11 male) enrolled in the Johns Hopkins ARVD registry who underwent 1 or more RFA procedures for the treatment of VT, with a follow-up period of 32±36 months (range,: day to 12 years), the cumulative VT recurrence-free survival was 75%, 50%, and 25% after 1.5 months, 5 months, and 14 months, respectively. 20 The implantation of an ICD device can effectively terminate life-threatening arrhythmias in patients with ARVC/D and it is considered a standard therapy. Accepted indications for ICD therapy are the prevention of sudden cardiac death in ARVC/D patients with documented sustained VT or ventricular fibrillation (Class I recommendation) and patients with high-risk features such as extensive disease, a positive family history, or undiagnosed syncope (Class IIa recommendation). 36 The experience with ICD therapy in patients with ARVC/D has been reported in several series. Appropriate ICD therapy occurs in 33% to 78% of patients, and inappropriate ICD shock occurs in 10% to 44% of ARVC/D patients. 20 Antitachycardia pacing (ATP) is particularly effective at terminating VTs in ARVC/D patients most of the time.
ICDs were implanted in 17 of our patients; 5 patients refused ICD implantation. Eight patients had appropriate ICD shocks and 5 patients had inappropriate ICD shocks during follow-up. Six patients had an electrical storm with multiple ICD discharges, which improved with the correction of electrolyte abnormalities and initiating or changing antiarrhythmic medications. ATP was effective at terminating most of the VT episodes (67.9%); appropriate ICD shocks were delivered in about one-third of these episodes (28.7%), and inappropriate ICD therapy was delivered in 3.4% of the episodes. The causes of inappropriate shocks included atrial fibrillation, supraventricular tachycardia, sinus tachycardia, and electromagnetic interference.
In conclusion, ARVC/D is a rare but increasingly recognized heart muscle disease seen in Saudi Arabia and in other parts of the world. It is associated with a highly nonspecific presentation. VT of RV origin is a common presentation for this disease. Antiarrhythmic medications and ICD implantation are the main management options. VT of right ventricular origin can be the first presentation and may precede overt structural cardiac changes. Patients with established ARVC/D have a high incidence of appropriate ICD therapy, including ATP therapy and shocks. In all of our cases, an accurate diagnosis of ARVC/D was made on the basis of ECG abnormalities, echocardiography, and CMRI, fulfilling the major and/or minor revised diagnostic criteria without the need for invasive procedures. 
